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INTRODUCTION
Web services are software components designed to 
support interoperable machine-to-machine interactions 
over a network, through the exchange of SOAP mes-
sages. Since the underlying technology is independent of 
DQ\VSHFL¿FSURJUDPPLQJODQJXDJH:HEVHUYLFHVFDQ
be effectively used to interconnect business processes 
across different organizations. However, a standard 
way of representing such interconnections has not yet 
emerged and is the subject of an ongoing debate. 
In this area, the term collaboration has often been 
used to denote a situation in which two or more busi-
ness processes (participants) cooperate by means of 
Web services, so as to achieve a common goal. In 
particular, when only two participants are involved, the 
PRUHVSHFL¿FWHUPbinary collaboration is preferred, 
while when there are three or more, the term multi-
party collaboration can be used instead. The notion of 
binary collaboration is fundamental, as any multi-party 
collaboration ultimately relies on a number of binary 
collaborations.
Collaborations can be described by collaboration 
PRGHOVZKLFKSURYLGHDFRQWUROÀRZYLHZRIWKHLQ-
tended global behaviour. These models are addressed 
from two perspectives, one focusing on the observable 
activities of the participants, and the other on their 
interactions. 
7KH¿UVWDSSURDFKGH¿QHVWKHREVHUYDEOHDFWLYLWLHV
of the participants as well as their ordering constraints 
by means of a global model called inter-organizational 
ZRUNÀRZ$V DQ H[DPSOH WKH SXEOLFWRSULYDWH DS-
SURDFKYDQGHU$DOVW	:HVNHLVDWRSGRZQ
WHFKQLTXHEDVHGRQWKUHHVWHSVDW¿UVWWKHSDUWLFLSDQWV
agree on a global model represented by a Petri net, then 
the public model is partitioned into public parts, one 
SHUSDUWLFLSDQWDQG¿QDOO\HDFKSDUWLFLSDQWUH¿QHVLWV
SXEOLFSDUW LQWR D SULYDWHZRUNÀRZ7KH UH¿QHPHQW
SURFHVVJXDUDQWHHVWKDWWKHSULYDWHZRUNÀRZVFRQIRUP
to the global model.
The approach focusing on interactions is more ab-
stract. In fact, interactions are carried out by message-
sending activities and message-receiving ones. There 
are two types of interactions: one-way interactions and 
two-way ones; a two-way interaction consists of two 
one-way interactions in the opposite directions. As a 
matter of fact, a one-way interaction subsumes two 
activities, a message-sending activity in one business 
process, and a message-receiving activity in another. 
This article follows the interaction-oriented ap-
proach and illustrates binary collaborations and multi-
party ones with the help of an informal notation called 
“interaction diagrams.”
MODELS OF BINARY 
COLLABORATIONS
Well known models of binary collaborations are the 
partner interface processes (PIPs) developed by the 
RosettaNet consortium (Damodaran, 2004). A PIP 
refers to two roles, consists of a one-way or two-way 
LQWHUDFWLRQDQGVSHFL¿HV WKHEXVLQHVVGRFXPHQWV WR
be exchanged as well as the quality of service (QoS) 
requirements (such as timeToPerform, timeToAcknowl-
edgeReceipt and retryCount). 
As an example, PIP 3A1, “request quote,” shown 
in Figure 1, enables a buyer to request a product quote 
from a provider, and a provider to respond accordingly. 
The model is based on the modeling methodology pro-
moted by UN/CEFACT (“UMM,” 2003) and referred 
to as UMM. The two participants are represented by 
a pair of business activities: getQuote is the request-
ing activity and provideQuote is the responding one. 
RequestForQuote and quote are called action mes-
sages. Action messages are acknowledged by positive 
or negative signal messages, not shown in Figure 1; 
usually a signal message acknowledges that an action 
message has been received and has been syntactically 
validated. The business activities are involved in four 
210  
Collaboration Based on Web Services
message exchanges, concerning two action messages 
and two signal messages. 
The model in Figure 1 conveys the transactional 
nature of the interaction: the requesting activity ends in 
two alternative states, “end” and “failed.” The success 
state (end) indicates that all the messages have been 
properly received. The failure state takes into account 
all the possible exceptions, which can be divided into 
communication exceptions, business exceptions (when 
a message is not understood) and timeout ones. 
7KHEXVLQHVVWUDQVDFWLRQDFWLYLWLHVGH¿QHGLQ800
are similar to RosettaNet PIPs. UMM allows busi-
ness transaction activities to be combined into cho-
reographies, which are called “business collaboration 
protocols.” They are modelled as universal modeling 
language (UML) (“UML,” 2005) activity diagrams 
DQGFDQLQFOXGHIRXUFRQWUROÀRZHOHPHQWVGHFLVLRQ
merge, fork, and join. An equivalent XML representa-
tion can be obtained by means of the business process 
VSHFL¿FDWLRQ VFKHPD %366 ZKLFK LV SDUW RI WKH
ebXML framework (“BPSS,” 2001). 
The current version of BPSS supports binary collabo-
rations only, while UMM addresses choreographies. 
In fact, UMM does not address binary collaborations 
VSHFL¿FDOO\DVWKHEXVLQHVVWUDQVDFWLRQDFWLYLWLHVFRQ-
tained in the same business collaboration protocol may 
be performed by different pairs of business partners 
+RIUHLWHU+XHPHU	.LP%366XQOLNH800
allows business collaborations to be nested. 
The notation informally presented in this article 
(i.e., interaction diagrams) draws on UMM with two 
major differences. 
The UMM notation is affected by redundancy. In 
fact, the business activities appearing in a UMM busi-
ness transaction activity (which is similar to a Roset-
taNet PIP such as the one shown in Figure 1) do not 
play any functional role; they only serve as a support for 
QoS parameters. Therefore, the major building blocks 
in interaction diagrams are the interactions, which do 
not need to be further decomposed but can directly be 
associated with QoS parameters. Collaboration “RfQ” 
shown in Figure 2a is the equivalent of PIP 3A1 pre-
sented in Figure 1. It is a simple binary collaboration 
consisting of a single two-way interaction. 
In an interaction diagram, the two participants in-
volved in the binary collaboration are denoted by their 
roles such as buyer and supplier; roles appear in brackets 
DIWHUWKHFROODERUDWLRQQDPH7KH¿UVWUROHGHVLJQDWHV
the collaboration initiator (or requester), and the second 
one designates the collaboration provider. 
Interactions are depicted as rectangles containing 
the names of the messages involved and can be labelled 
ZLWKLGHQWL¿HUVVXFKDVi1. In two-way interactions, a 
slash (/) separates the request message from the response 
RQH7KHW\SHVRIWKHPHVVDJHVDUHGH¿QHGLQDQ;0/
VFKHPD¿OHDVVRFLDWHGZLWKWKHFROODERUDWLRQPRGHO
An interaction takes place between two participants, 
denoted by two conventional roles, for example, ini-
tiator (or requester) and responder (or provider). The 
collaboration requester coincides with the initiator of 
WKH¿UVWLQWHUDFWLRQ,IDQLQWHUDFWLRQLVLQLWLDWHGE\WKH
collaboration provider, the request message is under-
lined (this case does not appear in Figure 2). 
The second difference between interaction diagrams 
and UMM lies in the way of expressing conditions in 
FRQWUROÀRZHOHPHQWVDFRQGLWLRQLQ800LVPDLQO\
related to the availability of a business object in a given 
state. However, collaborations should not depend on 
external entities, such as the business objects postulated 
in UMM conditions, as different interpretations can be 
)LJXUH7KH80/PRGHORI3,3$UHTXHVWTXRWH
getQu ote provideQuot e
buyer seller
end
failed
requestF orQuote
quot e
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associated with them by the parties involved. Instead, 
conditions must depend on information agreed on by 
the parties, such as the content of messages. 
Binary collaboration “RfQ-Order,” shown in Figure 
2b, presents a sequence of two interactions, where the 
second one is optional as the buyer sends the order only 
if the quote is satisfactory. Optional interactions are 
based on the deadlines associated with interactions. If 
a deadline expires, a timeout (represented by a dashed 
link) occurs indicating that the interaction did not take 
place in due time. If there is no timeout link, the interac-
tion fails and the whole collaboration fails; otherwise, 
the interaction is optional and the timeout link shows 
the next step to be undertaken. The rfq is assumed to 
include deadline to: if the order is not sent/received 
before to, the collaboration will be ended, hence the 
timeout link (i.e., the dashed link) connects interaction 
i2WRWKH¿QDOVWDWH7KHVFULSWVKRZQLQWKH³GHDGOLQHV´
section (i.e., “i2.d = rfq.to” sets the deadline (denoted 
by d) of interaction i2 to the value read from attribute 
to of rfq). Past messages act as global variables for 
such scripts.
Binary collaboration “RfQ-Order1,” shown in Fig-
ure 2c, presents a more complex protocol, in which a 
quote is assumed to include a Boolean attribute (nego-
tiable) indicating whether it is negotiable or not. After 
receiving a quote, the buyer can send an order or a 
revised request for quote, if the quote is negotiable. In 
the latter case, two alternative paths are possible, one 
consisting of interaction order and the other starting 
with interaction rfq/quote. 
Two state-based patterns (van der Aalst, ter Hofst-
HGH.LHSXV]HZVNL	%DUURVDSSHDULQ)LJXUH
2c: state s1 enables a data-driven exclusive choice, 
while state s2 represents an event-driven (or deferred) 
FKRLFH,QWKH¿UVWFDVHWKHFKRLFHPXVWEHEDVHGRQ
public information, visible to both parties: such public 
information is given by the contents of past messages 
(i.e., the messages exchanged by the parties before the 
choice is made). In the second case, the choice depends 
on the arrival of future messages.
When collaboration RfQ-Order1 is in state s1, a data-
driven choice takes place, depending on the contents of 
the last quote. The conditions appearing on outgoing 
links determine which link has to be followed.
State s2 determines an event-driven choice. An 
event-driven choice occurs when a place is followed 
by two or more interactions in the same direction. The 
collaboration remains in state s2 until an interaction 
occurs or deadline s2.d expires; in the latter case, the 
collaboration will be ended, as shown by the timeout 
link.
In addition to states, interaction diagrams can 
include fork elements and join elements as shown in 
the next section.
CHOREOGRAPHIES
Choreography denotes an a priori global model meant 
to capture all the interactions taking place for a given 
purpose among a number of participants. As such, it is 
Figure 2. Binary collaborations
rfq/quote
order
quote.negot iable
rfq/quote
order
(b)
rfq/quote
Binary collaboration 
RfQ (buyer, supplier)
(a)
i1
Binary collaboration 
RfQ-Order (buyer, supplier)
deadlines: i2.d = rfq.to;
i1
i2
(c)
Binary collaboration 
RfQ-Order1 (buyer, supplier)
deadlines: i2.d = rfq.to;
s2.d = rfq.to;
i1
i2
s1 s2
!quot e.negot iable
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a much debated notion. It is often associated with the 
idea of a leading organization having the authority of 
imposing the required behaviour on the participating 
organizations. Three points of weakness have been 
pointed out: a leading organization may not exist, a 
participant may be willing to select its own partners, 
and participants are exposed to unnecessary informa-
WLRQ=KDR/LX	<DQJ
There are cases, however, in which binary collabora-
WLRQVDUHQRWVXI¿FLHQWWRGH¿QHWKHPXWXDOEHKDYLRURI
the participants; this happens not because the partici-
pants are more than two, but because the order implied 
by binary collaborations, although necessary, is not 
VXI¿FLHQWWRGHVFULEHKRZLQWHUDFWLRQVDUHH[SHFWHGWR
take place. In such cases, choreographies are needed.
As an example, a supply chain involving a buyer, a 
distributor, and a supplier is considered, as follows.
A buyer sends a purchase order (bo = buyer order) 
IRUFHUWDLQJRRGVWRDGLVWULEXWRUZKLFKIXO¿OVWKHRUGHU
with two deliveries, an internal delivery (dd = distributor 
delivery) coming from an internal warehouse, and an 
external delivery (sd = supplier delivery) coming from 
an external supplier. The distributor sends a purchase or-
der (do = distributor order) to the supplier which replies 
ZLWKDFRQ¿UPDWLRQsc VXSSOLHUFRQ¿UPDWLRQDQG
then it informs the buyer of the supplier involved with 
DQRWL¿FDWLRQPHVVDJHdn GLVWULEXWRUQRWL¿FDWLRQ
The buyer sends some delivery information (bi = buyer 
information) to the supplier. After the deliveries (dd and 
sd) have been performed, the buyer makes a payment in 
IDYRURIWKHGLVWULEXWRUDQGVHQGVLWDSD\PHQWQRWL¿FD-
tion (bp = buyer payment). After delivering the goods 
to the buyer, the supplier sends a payment request (sr 
= supplier request) to the distributor; after making the 
payment in favor of the supplier, the distributor sends 
LWDSD\PHQWQRWL¿FDWLRQdp = distributor payment). A 
business case is informally illustrated in the sequence 
diagram presented in Figure 3a; it shows that interac-
tion do/sc is nested in interaction bo/dn.
This case study presents the routing pattern called 
³UHTXHVWZLWKUHIHUUDO´%DUURV'XPDV	WHU+RIVWHGH
2005), as the distributor sends a purchase order to the 
supplier and then the supplier sends a delivery message 
to the buyer indicated in the order.
The choreography related to the case study (cho-
reography “BDS”) is shown in Figure 3b along with 
the binary collaborations involved (Figure 3c), all the 
diagrams being interaction diagrams. Binary collabora-
Figure 3. Models related to the supply-chain case study
buyer distributor supplier
do
bo
dn
dd
bp
sc
sr
dp
bi
sd
bd.bo/dn
bs.bi
bd.dd bs.sd
bd.bp
ds.sr
ds.dp
ds.do/sc
bo/dn
dd
bi
sd
bp
do/sc
sr
dp
bd (buyer, distributor)
ds (distributor, supplier)
bs (buyer, supplier)
(b) 
Choreography 
BDS
(c) Binary collaborations
f1
f2
j1
j2
(a) Business case
  213
Collaboration Based on Web Services
C
tions are named after the initials of the roles involved; 
hence bd is the binary collaboration between the buyer 
and the distributor.
An extended notation is used in the choreography, 
DVHDFKLQWHUDFWLRQLVSUHFHGHGE\WKHLGHQWL¿HURIWKH
binary collaboration it belongs to.
There are two two-way interactions (i.e., bo/dn and 
do/sc); the others are one-way interactions. All the in-
teractions are mandatory. Three binary collaborations 
are implied (i.e., bd, ds and bd7KH\DUHLGHQWL¿HGE\
WKHLQLWLDOVRIWKHSDUWLFLSDQWVWKH¿UVWOHWWHUGHQRWLQJ
the initiator.
&KRUHRJUDSK\ %'6 LQFOXGHV IRXU FRQWUROÀRZ
activities (i.e., two forks and two joins). Fork f1 is 
needed because the two deliveries may take place in 
any order. Fork f2 enables both join j1 and the request 
for payment from the supplier. Join j1 is needed be-
cause the payment in favor of the distributor is made 
after the two deliveries. The bold link from bo/dn to 
do/sc is the nesting operator: its source is a two-way 
interaction and its destination is a nested interaction 
or a nested choreography. 
While choreography BDS includes all the interac-
tions appearing in the binary collaborations, this is not 
always the case. In fact, only the interactions needed for 
global coordination must be shown in the choreography, 
while those related to the details of the binary protocols 
only appear in the binary collaborations. This is the 
reason why, in general, choreographies cannot replace 
binary collaborations. As an example, interaction ds.dp 
can be dropped from the choreography, as it follows 
interaction ds.sr (which is included in the choreography) 
on the basis of binary collaboration ds.
Binary collaborations are needed as they drive the 
implementation; a previous paper has shown how to 
generate BPEL (business process execution language) 
(Andrews et al., 2003) processes from binary collabora-
WLRQV%UXQR	/D5RVD
CONCLUSION
This article has informally presented a modeling nota-
tion called interaction diagrams, that allows collabora-
tion models, both binary models and multi-party ones, 
to be homogeneously represented. 
Despite the existence of a notation for the high-
level modeling of business processes (i.e., the business 
process modeling notation (BPMN) (White, 2004)—a 
de-facto standard that can also be used to represent 
LQWHURUJDQL]DWLRQDO ZRUNÀRZV²WKHUH LV QR ZLGHO\
accepted notation for interaction models. A recent 
proposal presents an interaction-oriented language, 
³/HW¶V'DQFH´=DKD'XPDVWHU+RIVWHGH%DUURV	
Decker, 2006), which, instead of using the standard 
FRQWUROÀRZ HOHPHQWV GHFLVLRQV IRUNV DQG MRLQV
organizes the interactions by means of three binary 
relationships—precedence, weak precedence, and 
inhibition.
While binary collaborations are well understood, 
in choreographies there are still several issues to be 
settled. For example, a set of well-formedness rules 
for regulating message dependencies has not been 
XQLIRUPO\GH¿QHGVRIDU0RUHRYHUWKHPDSSLQJIURP
choreographies to abstract orchestration models (i.e., 
models describing how a given participant has to deal 
with the collaborations it is involved in), still lacks 
a proper formalization. In fact, while collaboration 
models establish how the parties have to interact so 
as to achieve a common goal, it is up to each party to 
orchestrate (i.e., to combine) the collaborations it is 
involved in. 
,QWKLV¿HOGDUHFHQWHIIRUWWRGHVFULEHFKRUHRJUD-
phies by means of an XML-based interaction-oriented 
language has yielded the Web services choreography 
description language (WS-CDL) (Kavantzas, Burdett, 
	5LW]LQJHU+RZHYHULWVFRPSOH[LW\DQGWKH
lack of a proper notation have raised numerous doubts 
%DUURV'XPDV	2DNV
Future research should be aimed at addressing the 
previously mentioned shortcomings of collaboration 
modeling. 
REFERENCES
Andrews, T., Curbera, F., Dholakia, H., Goland, 
Y., Klein, J., Leymann, F., et al. (2003). Business 
SURFHVV H[HFXWLRQ ODQJXDJH IRU ZHE VHUYLFHV :6
%3(/, version 1.1. Retrieved October 20, 2006, from 
http://www-128.ibm.com/developerworks/library/
VSHFL¿FDWLRQZVESHO
%DUURV$'XPDV0	2DNV3A critical 
overview of the Web services choreography description 
ODQJXDJH:6&'/. BPTrends. Retrieved October 20, 
IURPKWWSZZZESWUHQGVFRPSXEOLFDWLRQ¿OHV
D05%20WP%20WS%2DCDL%20Barros%20et%20
al%2Epdf
214  
Collaboration Based on Web Services
%DUURV$'XPDV0	WHU+RIVWHGH$+0
Service interaction patterns. In W. M. P. van der Aalst, 
%%HQDWDOODK)&DVDWL	)&XUEHUD(GVLecture 
Notes in Computer Science 3649 (pp. 302-318). Berlin: 
Springer.
BPSS. (2001). HE;0/%XVLQHVV3URFHVV6SHFL¿FDWLRQ
Schema, version 1.01. Retrieved October 20, 2006, 
from http://www.ebxml.org/specs/ebBPSS.pdf
%UXQR*	/D5RVD0)URPFROODERUDWLRQ
models to BPEL processes through service models. In C. 
%XVVOHU	$+DOOHU(GVLecture Notes in Computer 
Science 3812 (pp. 75-88). Berlin: Springer.
Damodaran, S. (2004). B2B integration over the Inter-
net with XML—RosettaNet successes and challenges. 
Retrieved October 20, 2006, from http://www2004.
org/proceedings/ docs/2p188.pdf
+RIUHLWHU%+XHPHU&	.LP-+Chore-
ography of ebXML business collaborations. Retrieved 
October 20, 2006, from http://dme.researchstudio.at/ 
dme_data/publications/2004/Choreography_of_ebX-
ML_Business_Collaborations.pdf
.DYDQW]DV1%XUGHWW'	5LW]LQJHU*
:HEVHUYLFHVFKRUHRJUDSK\GHVFULSWLRQODQJXDJH:6
&'/. Retrieved October 20, 2006, from http://www.
w3.org/TR/ws-cdl-10/
UML. (2005). 8QL¿HGPRGHOLQJODQJXDJH6XSHUVWUXF-
ture, version 2.0. Retrieved October 20, 2006, from 
http://www.omg.org/cgi-bin/doc?formal/05-07-04
UMM. (2003). UN/CEFACT Modeling Methodology 
800 8VHU *XLGH. Retrieved October 20, 2006, 
from http://www.unece.org/cefact/umm/UMM_user-
guide_V20030922.pdf
YDQGHU$DOVW:03	:HVNH07KH
33DSSURDFKWRLQWHURUJDQL]DWLRQDOZRUNÀRZV,Q
./'LWWULFK$*HSSHUW	0&1RUULH(GV 
Lecture Notes in Computer Science 2068 (pp. 140-156). 
Berlin: Springer.
van der Aalst, W. M. P., ter Hofstede, A. H. M., Kiepusze-
ZVNL % 	 %DUURV$ :RUNÀRZ SDWWHUQV
Distributed and Parallel Databases, 14(3), 5-51.
White, S. A. (2004). Business process modeling nota-
WLRQ%301, Version 1.0. Retrieved October 20, 2006, 
from http://www.bpmn.org
Zaha, J. M., Dumas, M., ter Hofstede, A., Barros, A., 
	 'HFNHU *  2FWREHU Service interaction 
modeling: Bridging global and local views. Paper ac-
cepted at the 10th IEEE International Conference on 
Enterprise Distributed Object Computing (EDOC), 
Hong Kong, China.
=KDR;/LX&	<DQJ<$QRUJDQL]DWLRQDO
perspective on collaborative business processes. In 
:03YDQGHU$DOVW%%HQDWDOODK)&DVDWL	)
Curbera (Eds.), Lecture Notes in Computer Science 
3649 (pp. 17-31). Berlin: Springer.
KEY TERMS 
Abstract Orchestration Model: An abstract busi-
ness process made up of communication activities and 
FRQWUROÀRZRQHVGHVFULELQJKRZDJLYHQSDUWLFLSDQW
deals with the collaborations it is involved in.
Binary Collaboration: A collaboration involving 
only two participants.
Choreography: An a priori global and public model 
meant to capture all the interactions taking place for a 
given purpose among a number of participants.
Collaboration: A composition of interactions 
whereby two or more participants exchange messages 
in order to achieve a common goal.
Collaboration Initiator or Requester: The 
SDUWLFLSDQWVHQGLQJ WKH¿UVWPHVVDJH LQDFROODERUD-
WLRQ7KLVUROHFRLQFLGHVZLWKWKHLQLWLDWRURIWKH¿UVW
interaction.
Collaboration Provider: The participant involved 
in a collaboration without having initiated it.
Interaction Initiator or Requester: The participant 
VHQGLQJWKH¿UVWPHVVDJHRIDQLQWHUDFWLRQ
Interaction Responder or Provider: The par-
ticipant involved in an interaction without having 
initiated it.
Interaction: The exchange of a given application 
message between two participants. A one-way inter-
action subsumes two activities, a sending activity in 
one participant, and a receiving activity in the other. 
Two-way interactions are made up of two one-way 
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interactions in opposite directions. Application mes-
sages can be acknowledged by positive or negative 
signal messages.
Multi-Party Collaboration: A collaboration in-
volving more than two participants. Any multi-party 
collaboration ultimately relies on a number of binary 
collaborations.
